Nowadays, we are living in the era of functional foods. People are constantly seeking for new healthier food products, mainly derived from plants, with bioactive components such as fiber and/or mineral elements, in suitable and healthy ratios. Cactus (Opuntia spp.), which includes more than 1500 species, presents high potential to be considered as a functional food, as it was revealed by the phytochemical profiles and antioxidant activity previously demonstrated in different botanical parts of Opuntia microdasys (Lehm.) Pfeiff and Opuntia macrorhiza (Engelm.). In this follow-up work, morphological characters, nutritional composition, and particularly fiber and mineral elements profiles of these two species were characterized in the cladodes, pulp and seeds. Most of these parameters were also studied in their juice. Both species presented similar chemical profiles, but each of the different studied botanical parts presented great differences, as revealed by principal component analysis. Accordingly, the obtained results reinforce Opuntia spp. as a potential functional food, indicating also the botanical parts with highest adequacy to act as source of a specific constituent.
Introduction
Nowadays, consumers are highly concerned in following a healthy diet with low caloric value, low levels of cholesterol and saturated fats. In addition, consumer preference is often related with the ingestion of the so called functional foods, due to their potential positive effects on health. Among the top priorities, consumers seek food products with high dietary fiber content, since a daily intake of 25 g of fiber is recommended in order to prevent different pathologies, namely constipation, colon cancer, cardiovascular disease and obesity, among others (Ternent et al., 2007; Ayadi et al., 2009; Jae Hwan et al., 2012) . Dietary fiber refers to food material, particularly plant material, that is not hydrolyzed by endogenous enzymes secreted by the human digestive tract, but that may be digested by gut microflora (IFST, 2007) . The mineral content of any food commodity is also of high importance, since mineral elements (at suitable levels) play a vital role in human health: acid-base balance maintenance; osmotic regulation of fluid and oxygen transport in the body; action in catalytic processes within enzymatic activities associated with metabolic, endocrine and immune systems; essential in bones growth and formation (McDowell, 2003; Nabrzyski, 2007; Soetan et al., 2010) .
Cactus (Opuntia spp.) is considered to have originated in tropical America, but it has been introduced to other regions of the world, such as Europe (particularly the Mediterranean countries) and Africa. More than 1500 species of cactus (Cactaceae family) belong to the Opuntia genus and many of them produce edible and highly flavored berry type fruits. These fruits consist of a thick pericarp (skin) with a number of clefts of small prickles, reddish purple, yellow or white in colour, with a luscious sweet pulp intermixed with a number of small seeds (Felker et al., 2005; Abdel-Hameed et al., 2014) . The cladodes (vegetable stems) are used in many varieties of salad, after being cut in small cubes and immerged in vinegar; fruits are used for the extraction of juice and as jam ingredients, as well as to produce a special type of honey named "the Honey of Tuna". Opuntia fruits are also used for the extraction of natural pigments and to prepare an alcoholic beverage named "Colonche" (Touil et al., 2000) . Although this cactus spp. has been used for many years as common functional foods, with medicinal and cosmetic purposes, they have not been a focus of research. Only in recent years, the scientific community has been focused to increase knowledge regarding the nutritional and health-promoting benefits of Opuntia spp. Furthermore, prickly pear fruit is one of the most representative fruits in some cultures and has recently gained attention for its nutritional value. Its high levels of betalains, taurine, dietary fiber, some minerals (calcium and magnesium) and antioxidants deserve special attention (Piga, 2004; PrietoGarcía et al., 2006; Morales et al., 2012) . In terms of their bioactivity, Opuntia spp.
cladodes and fruits are mostly known for their medicinal benefits, including arteriosclerosis, diabetes, gastritis, and hyperglycemia treatment (Lee et al., 2002) . A thorough review of literature indicated the lack of studies reporting dietary fibers and minerals composition in Opuntia spp Tunisian varieties. Therefore, different botanical parts (cladodes and different fruit parts, as skin, pulp and seeds) and the juice of Opuntia mycrodasis (Lehm.) Pfeiff and Opuntia macrorhiza (Engelm.) were characterized for their nutritional composition, highlighting in dietary fiber and mineral elements composition. With the obtained results, it was expected to evaluate the possibility of using Opuntia spp. as sources of functional ingredients in food industry, or to consider these plants as functional foods per se.
Material and methods

Samples
Opuntia mycrodasis (Lehm.) Pfeiff ( Figure 1A) and Opuntia macrorhiza (Engelm.) ( Figure 1B) were collected from the Cliff of Monastir (Tunisia) between June and July 2013. The cladodes and the fruits were washed and manually peeled, after removing of uncolored sides. The cladodes were cut in small portions. The skin of fruits was removed and the pulp (edible portion) was separated from the seeds and subtracted of any mucilaginous material. The juice was extracted by mechanical pressure avoiding contact with any metallic surface. All botanical parts (cladodes, skin, pulp and seeds) and the obtained juice were lyophilized and stored in the dark at -20 °C until analysis.
Morphological properties
The number of selected terminal fruiting cladodes and fruits was defined according to well established practices (Valdez-Cepeda et al., 2013) . All cladodes were selected from the uppermost part of the plants ensuring they were 1-year-old. All cladodes were cleaned with distilled water, paper-dried to remove washing water and immediately weighted. Length and width of each fruit and cladode were measured using a caliper micrometer.
Chemical composition
Moisture, protein, fat and ash were determined following the AOAC procedures (Latimer, 2012) . The crude protein content (N×6.25) was estimated by the macroKjeldahl method; the crude fat was determined using a Soxhlet apparatus by extracting a known weight of sample with petroleum ether; the ash and mineral content was determined by incineration at 550±15 °C. Total carbohydrates were calculated by Energy (kcal/100g fw) = 4 × (g protein + g carbohydrate) + 2 × (g fiber) + 9 × (g fat).
Soluble and insoluble dietary fiber assay
AOAC enzymatic-gravimetric methods (993.19 and 991.42) were used for soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) analysis (Latimer, 2012) . In brief, freeze-dried samples were treated with alpha-amylase (heat-stable), protease and amyloglucosidase.
The soluble and insoluble fractions were separated by vacuum filtration. Waste from the digests was dried at 100 °C, and protein content was determined in the residue. Total fiber is the sum of soluble and insoluble fiber fractions; both were expressed as g/100 g fw sample.
Mineral elements (Macro and microelements)
Total mineral content (ashes) and mineral elements analysis were performed on dried samples. The method 930.05 of AOAC was used (Latimer, 2012) ; 500 mg of each sample were subject to dry-ash mineralization at 550°C±15 ºC. The residue of incineration was extracted with HCl (50% v/v) and HNO 3 (50% v/v) and made up to an appropriate volume with distilled water, where Fe, Cu, Mn and Zn were directly measured. An additional 1/10 (v/v) dilution of the sample extracts and standards was performed to avoid interferences between different elements in the atomic absorption spectroscopy: for Ca and Mg analysis in 1.16% La 2 O 3 /HCl (leading to LaCl 2 ); for Na and K analysis in 0.2% CsCl Ruiz-Rodríguez et al., 2011 
Statistical analysis
For each botanical part, three independent samples were used for each species. Each of the samples was taken from pooled cladodes, fruits, seeds, juices or pulps. Data were expressed as mean±standard deviation. All statistical tests were performed at a 5% significance level using SPSS software, version 22.0 (IBM Corp., USA).
For each botanical part and parameter, a t-student test was applied to check for statistically significant differences among cultivars. The homogeneity of variance was tested by means of the Levene's test.
Principal components analysis (PCA) was applied as pattern recognition unsupervised classification method. The number of dimensions to keep for data analysis was assessed by the respective eigenvalues (which should be greater than one), by the Cronbach's alpha parameter (that must be positive) and also by the total percentage of variance (that should be as higher as possible) explained by the number of components selected. The number of plotted dimensions was chosen in order to allow meaningful interpretations.
Results and discussion
Morphological characteristics
O. microdasys and O. macrorhiza are very distinct plants, despite belonging to the same genus. O. microdasys is shorter (approximately 60-80 cm tall) and the cladodes present dense areoles (Figure 1) , without true spines, presenting also glochids in the center of these "pseudo-spines". In the studied samples, the cladodes dimensions varied around 12 cm long vs. 9 cm wide, weighting about 61 g ( Table 1) . O. macrorhiza, on the other hand, is a much higher plant, reaching about 2-5 m high, and the cladodes (Figure 1) present long spines (3 to 8 cm) besides being considerably bigger: around 23 cm long vs. 14 cm wide and weighting about 163 g ( Table 1 ). The fruits of both Opuntia also showed noticeable differences (Table 1) macrorhiza are as well higher, being also more lignified than O. mycrodasis' seeds. All the morphological characters are comparable with those reported in the same species (Bergaoui et al., 2007) , presenting lower dimensions than those found in Opuntia ficusindica (Valdez-Cepeda et al., 2013) . In view, of the potential use of Opuntia as a food or feed product, these morphological differences act favoring O. macrorhiza (the dimensions were statistically higher in all cases), since the biomass yields achievable using this species are significantly higher.
Nutritional composition
Despite the significant differences in the morphological characters, the nutritional composition from different parts of O. mycrodasis and O. macrorhiza presented some resemblance, especially concerning to their pulp ( Table 2 ). The cladodes, pulp and juice presented similar composition with moisture as the major component, followed by carbohydrates and ash content. Carbohydrates were the major component in the seeds of both fruits (61 g/100 g fw in both species). The highest levels of protein were also found in the seeds (2.3 and 2.9 g/100 g fw for O. mycrodasis and O. macrorhiza, respectively), with a significant difference (p = 0.014) among the two species. Fat contents showed significant differences in all botanical parts (except for juice, in which fat was not found), with higher contents in O. mycrodasis, concerning the cladode and the pulp, and in the seeds of O. macrorhiza. The fat contents in this part might be considered as having some potential for oil extraction, especially considering the type of fatty acids usually present in Opuntia seeds, which might represent a major contribution to the dietary intake of essential fatty acids (especially oleic and linoleic acids) in populations who traditionally include these fruits in the diet (Sawaya and Khan, 1982) . On the other hand, the pulps of each species showed similar values for almost all components (p > 0.05), except for fat content and energy value. The results obtained with the pulps and the seeds are comparable to those reported in different Opuntia species (Morales et al., 2012) . The juice presented the lowest energetic value (9.8 kcal/100 g fw for O. mycrodasis; 4.6 kcal/100 g fw for O. macrorhiza), while seeds gave the highest (201 kcal/100 g fw for O. mycrodasis; 222 kcal/100 g fw for O. macrorhiza).
Dietary fiber: soluble and insoluble fiber
The contents in soluble dietary fiber (SDF), insoluble dietary fiber (IDF) and total dietary fiber (TDF) were evaluated in the cladodes, pulps and seeds ( Table 3) . The highest dietary fiber contents were detected in seeds (≈40 g/100 g fw for both species).
The detected amounts were considerably higher than those reported in the seeds of O. joconostle and O. matudae (Morales et al., 2012) . The dietary fiber levels quantified in the cladodes and pulps were more than 10-fold lower than those detected in the seeds, but higher than those reported for cladodes from Tunisian (Ayadi et al., 2009) (Morales et al., 2012) . In all studied samples, the percentage of IDF was always higher than that of SDF, with the highest ratios detected in pulp fraction (75% of IDF). The detected TDF amounts might represent an important contribution to achieve the Recommended Dietary Allowance (RDA), which recommends a daily consumption between 25 and 30 g of TDF (FAO/WHO, 2003) , achievable with approximately 50 g of seeds. Furthermore, it is instructed that a third of total fiber should be soluble fiber (3:1 ratio), and the distribution of fiber in the cladode, pulp and seeds is in agreement with this recommendation. In this particular subject, O. mycrodasis and O. macrorhiza have similar potential as dietary fiber sources, since the only statistically significant differences were given by SDF (p = 0.010) and TDF (p = 0.025) contents in the cladodes.
Mineral composition (Macro and microelements)
The microelements (Fe, Cu, Mn and Zn; expressed in µg/100 g fw) and macroelements (Ca, Mg, Na and K; expressed in mg/100 g fw) profile are given in Table 4 . The cladodes and the pulp of the two Opuntia species presented similar profiles, despite the absence of copper in the pulp of O. macrorhiza. The seeds proved to be the most suitable source of microelements, especially regarding to the copper (392 µg/100 g fw in O. mycrodasis and 992 µg/100 g fw in O. macrorhiza) and zinc (143 µg/100 g fw in O. mycrodasis and 237 µg/100 g dw in O. macrorhiza) levels. These microelements are crucial for important biochemical and physiological functions and essential for maintaining health throughout life (Li et al., 2014) . Nevertheless, excess in zinc uptake can be harmful; indeed, excessive absorption of this microelement can suppress copper and iron absorption. Likewise, free copper causes toxicity in human body, as it generates reactive oxygen species such as superoxide, hydrogen peroxide, or the hydroxyl radical, that might damage proteins, lipids and DNA (Brewer, 2010 Ayadi et al. (2009) , despite being similar to those reported by El-Sayed et al., (2014) . These discrepancies could be most likely due to genotypic factors and environmental cultivar conditions.
In terms of macroelements composition, calcium, magnesium, sodium and potassium were detected, with potassium as the major element in all studied samples, except in the seeds of O. macrorhiza, in which calcium reached the highest values ( Table 4 ). The prevalence of potassium among the macroelements profile is in agreement with the results obtained in Opuntia genus (Abdel-Hameed et al., 2014; Chávez et al., 1995) . Potassium is a very important component for human health; in fact, highpotassium diet lowers blood pressure and reduces cardiovascular disease morbidity and mortality (Whelton et al., 1997) . In addition, potassium intake lowers urinary calcium excretion and decreases the risk of osteoporosis (He and MacGregor, 2008) . Sodium was quantified in relative low amounts, which might be considered as a favorable result in view of the need to consume low quantities of this mineral. Magnesium, quantified in highest amounts in the seeds of (7.3 mg/100 g fw) and the cladodes (5.8 mg/100 g fw) of O. mycrodasis, has a direct role in promoting endothelial dysfunction by generating a pro-inflammatory, pro-thrombotic and pro-atherogenic environment, that could play a role in the pathogenesis of cardiovascular disease (Maier et al., 2004) .
According to Regulation (EU) No 1169/2011 and Food and Nutrition Board (Trumbo et al., 2002) , the consumption of 100 g (fw) of these Opuntia spp. are noteworthy for its interesting contribution to Cu, with values up to 39.2 and 99.2% RDA for adults, in O. mycrodasis and O. macrorhiza, respectively.
Principal component analysis (PCA)
In the former sections, the differences among the studied parameters were compared considering the contribution of each Opuntia species. Another interesting study would be defining the best botanical part (cladode, pulp or seed) that would allow obtaining a specific constituent in a desired amount. Accordingly, in the present section, the results were evaluated considering data for all studied parts and parameters simultaneously, by applying a principal components analysis (PCA). The morphological parameters were not included in this analysis, since their high differences would have caused a biased effect.
The plot of object scores (Figure 2) , for different Opuntia parts, indicates that the first two dimensions (first: Cronbach's α, 0.981; eigenvalue, 11.189; second: Cronbach's α, 0.491; eigenvalue, 1.837) account for most of the variance of all quantified variables (79.9% and 13.1%, respectively). Groups corresponding to each part (cladode, pulp and seed) were not completely individualized, since pulps and cladodes were placed together (except for the cladodes of O. mycrodasis). Nevertheless, seeds were clearly separated from the remaining parts, including among both species. By considering all the results together, it becomes obvious that seeds are the best source of micro and macroelements, nutritional compounds and fibers. However, the high energy levels for these components might be considered a limitation. The high difference in moisture contents among seeds and the remaining parts contributed greatly for the observed separation, but results seem to indicate that pulps and cladodes present similar profiles in the studied parameters.
Conclusions
Despite the morphological distinctiveness, the studied Opuntia species proved to have some similarity regarding their nutritional, dietary fiber and mineral elements profiles.
However, the greater differences were found among the different studied parts:
cladodes, pulp and seeds. In fact, each of these parts proved its potential to act as a new source of specific constituents, allowing the recommendation of defined dietary doses in accordance with the RDA to supply different nutritional requirements. 
